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Abstract 
In recent times, with the development of protection stratum, it is more and more important to investigate its effects. In 
this paper, in view of this situation, similar simulation experiment and site test are used to investigate the real-time 
effects at a certain mine of Pingdingshan Coal Group Company. The results of similar simulation experiment and site 
test show the stress and displacement variation of overlying rock and protected seam; define the max relative 
deformation and Roof Falling Interval; and determine the Protected Zone and Pressure Relief Angle. So, the result of 
research has great significance in directing the production of the mine and in developing the technology of protection 
stratum mining. 
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With the development of the technology and increasing of depth in coal mine field, protection stratum 
mining has been used since 1958 in our country[1][2], and till now, a variety of research methods have 
occurred to investigate the effects of protection stratum mining technology in details and in all domains 
with deeper and deeper research of the technology. Nowadays, mainly there are three methods to 
investigate the effects: site test, similar simulation experiment, numerical simulation. Considering the 
complex geological conditions in our country, it cannot come to a uniform standard to check the effects, 
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and there are many assumptions in numerical simulation, so the valuable meaning of it is not obvious 
enough. Site test and similar simulation experiment were chosen to have a better research. 
Site test and similar simulation experiment were chosen to investigate the real-time effects of ahead of 
mining No.20 as the protection stratum to protect Group Seam (No.15, No.16, No.17) as the protected 
coal seam in this paper. Similar simulation experiment is about to investigate the whole process of 
protection stratum mining from the beginning to the end, site test is to check the effects after the end of 
mining protection stratum in the scene and to verify the similar simulation experiment result. 
1.  Experiment program 
1.1.  Experimental background 
The simulation object of the experiment is mining No.20 as a lower protection stratum to protect upper 
Group Seam. The inclination angle of all coal seams is closed to horizontal plane, the average distance 
between No.20 and Group Seam is 80m, the average thickness of No.20 is 1.5m, the average thickness of 
No.16 and No.17 is 1.5m and 2.0m respectively, this two seams have a little space between each other and 
get merged somewhere, No.15 has an average thickness of 1.35m, 6m distance to its upper No.16. Group 
Seam has a max thickness of 10m, initial gas pressure and content of Group Seam is large, so it is very 
necessary to mine No.20 to protect Group Seam before its mining. 
1.2.  Experimental principle 
In this paper, the variation regulation of the protected coal seam’s stress and its displacement in the 
whole process of simulation protection stratum mining were investigated to define the whole effects of 
protection stratum mining combined with site test after the end of its mining in the scene. 
The size, time, stress and shape variation of complex rock mass can be reflected out by a certain 
simulation relationship in the simulation theory. So it is able to use some test methods to measure the size, 
stress, shape variation and their regulations of the model in the lab, and then return to the original 
condition and shape in accordance with similitude coefficients, then we can get the virtual rock mass 
stress distribution and its shape variation regulation, which is of great importance to direct the production 
[3]. 
When designing the experiment, it is necessary to comply with the “Three Similar Rules”: Size Similar, 
Strength Similar, Initial Condition and Boundary Condition Similar [4][5]. Calcium carbonate, coal dust, 
plaster, sand and water form the aggregate in the simulation model. Choosing appropriate match in 
accordance with the virtual rock stratum intensity combined with the thickness and size of model to figure 
out the usage of all constituents, sprinkling mica powder as slice weak face, replacing the same weight of 
the upper rock stratum with a high enough water level to load homogeneously. The length, width and 
height of the model is 2.5m, 0.2m, 1.0m respectively, it weighs 873Kg, its simulating height is 150m, so 
there is still 450m buried depth, almost 2619Kg weight, replaced with 2.5m height water column to load. 
Drawing lamella and mesh lines with lime and graphite respectively, each mesh line has 5cm interval. In 
the process of experiment, setting aside 30cm each side is to eliminate boundary effect. There is 3.5cm 
mining height in the model, and driving 5cm length each time corresponding to 7.5m length in the scene 
to simulate the virtual mining process. 
There are some main similitude coefficients in the modeling experiment: Size Similar Coefficient 
CL=150, Volume Weight Similar Coefficient Cr=1, Stress Similar Coefficient Cσ = CL Cr=150, Power 
Similar Coefficient CF= CL3Cr=3.375×106. 
433Liu Feifei et al. / Procedia Engineering 26 (2011) 431 – 440Liu Feifei, Lin Baiquan, Zhai Cheng, Li Ziwen, Li Fei, Zhou Chao / Procedia Engineering 00 (2011) 000–000 3 
2. Experiment process 
2.1. Model preparation 
The direction of model mining is from right to left, setting aside 0.3m length coal pillar each side. 
Laying 3 layers pressure sensors in all pressure test stations 16 sensors (⑴~⒃) in total homogeneously 
distributed in the model; Laying 3 layers displacement sensors in all displacement test stations 12 sensors 
((Ⅰ)~(Ⅻ)) in total homogeneously distributed in the model as the same. And we will see the program of 
all sensors’ distribution accurately in the following Fig. 1. 
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Fig. 1 model sensors distribution situation 
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Fig. 2 model zones distribution situation after mining face falling 
It is very clear that the overlying rock distributes in a certain regulation from Fig. 2. The pressure relief 
angle is 50°, the height of Roof Falling Zone is about 40m, the same with height of Fractured Zone 
above the coal seam. So the longitudinal distribution regulation of overlying rock fissure is: 0~45m Roof 
Falling Zone, 45~90m Fractured Zone. The total height of these two zones exceeds mining height 10 
times. And the rest of the overlying rock is all in Curve Subsidence Zone from height of 90m to the top of 
the model. Obviously, Group Seam is in Fractured Zone. The result of the simulation clearly replays the 
process of stress variation, roof falling and fissure evolution in the process of protection stratum mining, 
and shows the “three upper zones” (Roof Falling Zone, Fractured Zone, Curve Subsidence Zone) of the 
movement of overlying rock[6]~[8]. 
2.2. Simulation Result Analysis 
(1) Displacement Variation 
The initial stress balance is being destroyed and causing stress’s redistribution with the advancing of 
mining face, arousing overlying rock’s shape variation, destroying, movement and fissure evolution, and 
it happens from the bottom up. The value of displacement variation is related to the distance between the 
location of displacement test station and mining face, so, the variation of each displacement test station 
has a direct correlation with the distance of mining advancing. And we put all sensors which are in the 
same line together into a figure which is drawn with the advancing distance of mining face as the abscissa 
and the value of roof falling as the ordinate. From the bottom up, data of displacement variation acquired 
by the first, second, third line displacement sensors, namely, the variation curves of Line One, Line Two 
and Line Three change with advancing distance of mining face, which is shown in following figures from 
Fig. 3 to Fig. 10. 
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Fig. 3 value of falling while advancing 45m; Fig. 4 value of falling while advancing 75m 
From the displacement variation figures of mining face advancing 45m and 75m, namely, Fig. 3 and 
Fig. 4, we can know that overlying coal rock mass of the protection stratum just falls very little, even the 
max falling value is about 0.45mm from test station (Ⅱ). The value of falling is increasing with the order 
from top to bottom, namely, Line One, Two and Three, which meets the fact that the closer distance 
between test lines and mining face is, the larger falling value will be. 
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Fig. 5 value of falling while advancing 120m; Fig. 6 value of falling while advancing 150m 
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There is a big fluctuation almost in every test Line when mining face is advancing to 120m and 150m, 
and the value of falling is quite large in test station (Ⅱ), (Ⅵ) and (Ⅹ) whose distance between them and 
open-off cut is 75m, which means that the max value of falling appears in the middle of goaf, and the max 
value is 2.7mm. 
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Fig. 7 value of falling while advancing 180m; Fig. 8 value of falling while advancing 210m 
 
 
Fig. 9 value of falling while advancing 240m; Fig. 10 value of falling while advancing 270m 
From Fig. 9 to Fig. 10, we can know about that the falling trend of three test Lines has been in a 
basically stable situation when mining face has been in the front of all test stations. The max value of 
falling come to 8.2mm and the average values of the rest test stations is about 3.5mm when the falling 
situations of all test stations are almost steady. 
From all above figures, the falling situation of overlying rock is nonlinear, and the shape of movement 
is asymmetrical from the bottom up; the movement and Roof Falling Interval vary with the strength, 
thickness and development of rock mass and joints; the height of Roof Falling Zone and Fractured Zone is 
increasing with the advancing of mining face, and the height is in a basically stable situation finally. For 
instance, the values of displacement sensors remain steady when mining face is advancing 180m and 
210m and when 240m and 270m, which means the Caving Zone has been compacted. It is able to 
consider the coal seam being pressure relief adequately and to be in good protection when the value of 
shape variation ratio outweighs 6‰, which has been proved by plenty of practices at home and abroad[9]. 
In the experiment, the largest value of shape variation is (8.2/1.35) ‰=6.07‰, which shows the great 
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effects of mining protection stratum and also shows that the protected coal seam has relieved the pressure 
adequately. 
The overlying rock mass is in the process of discontinued dynamic falling and moving during the 
whole process of the mining experiment, and the farther distance between the location and the mining coal 
seam is, the more obvious process of falling movement is. The max falling value of rock mass which is in 
the bottom of Falling Zone is coming out at the weighting, and which comes into being in the middle of 
goaf after the falling of overlying rock. 
(2) Stress Variation 
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Fig. 11 stress variation of test (1) (6) (7) (12); Fig. 12 stress variation of test (2) (3) (4) (5) 
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Fig. 13 stress variation of test (8) (9) (10) (11); Fig. 14 stress variation of test (13) (14) (15) (16) 
1. Test Station (1) is 6.0m far away right above the open-off cut, Test Station (6) is 6.0m far away right 
above the End-mining Line. The area of Caving Zone is being larger and larger with the advancing 
process of mining from the open-off cut on, and the weight of overlying rock is transmitting to the frontal 
and rear, both sides of coal pillars and falling waste rock of Caving Zone. So the pressure values of Test 
Station (1) and (6) are increasing with the advancing of mining face. The distance between Test Station (1) 
and mining face is becoming farther and farther after mining open-off cut. The only difference between 
the two test stations is that the slope of Test Station (1) line is a bit large when it is 25m far from mining 
face, which is due to the falling of Caving Zone has not happened and all the weight of overlying rock is 
supported by coal pillars, and the stress variation process is becoming slower when the concentration of 
stress transmits to the back. There is a changing process of slope from small to large when mining face 
advances 105m, and the value of slope growth is smaller than the former and the variation of bracing 
stress is changing a lot, which is due to one falling and the falling waste rock also has taken one part of 
pressure. The distance between Test Station (6) and mining face is becoming smaller and smaller with the 
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advancing of mining face and pressure is increasing gradually, and there is a peak and concentration of 
stress when Test Station (6) is about 6.2m far from mining face, there is a slow decrease and a stress 
concentration transmitting to the deep coal pillars after mining face advancing over Test Station (6). And 
we can get the regulations of Test Station (7) and (2) in the second Stress Test Layer which are the same 
as Test Station (1) and (6), and the difference is smaller stress variation value of Test Station (7) and (2), 
which we can know accurately from Fig. 11. 
2. The distance between Test Station (2) ~ (5) and mining face is becoming smaller and smaller face at 
the beginning, and compared Test Station (2) ~ (5) each other in Fig. 12, it is not difficult to discover that 
stress of each test station is increasing with the advancing of mining and there is a peak when mining face 
is closing to these test stations. The peak is about 5.0~8.1m far away from mining face and area of the 
bracing stress effect is in 25~35m’s front of mining face, which basically meets the result of displacement 
analysis. And the stress decreases a lot very quickly with the continuing of advancing even decreases to 
negative value, which shows that the falling of roof leads to a lot decline of the overlying coal rock seam 
stress and to be under the initial stress. The area is from 60m to 85m after advancing of mining face where 
the stress is decreasing rapidly, namely, there will be a wide area of pressure relief in the Caving Zone of 
mining face backside. In the same way, we can get the regulations of Test Station (8) ~ (11) and (13) ~ 
(16), they are almost the same with Test Station (2) ~(5), it is showed in following Fig. 13 and Fig. 14 
clearly. 
3. The stress variation value is zero which shows the concentration of stress has transmitted when the 
test line meets with abscissa axis in the stress figures. And in this moment, mining face has advanced over 
the test station, the coal seam begins to fall after a certain distance of advancing which is called the 
Falling Interval and is related to the weighting, and all the data of test stations has showed that the Falling 
Intervals vary from 50m to 80m. The locations of all test stations is becoming the deep of Caving Zone 
and the fissure of overlying rock mass is developing from the bottom to the up of test stations, while the 
area of pressure relief in increasing greatly in the following process of mining face advancing. 
And at last, every displacement and stress test station line becomes level at 42m long behind the 
mining face, which shows the Fissure Compaction Zone begins at 42m behind the mining face. 
3. Site Effects Test 
The initial gas pressure test holes are set in Group Seam (No.15, No.16, No.17)at the vertical above 
Caving Zone, distance of each hole is 50m long and there are 8 holes in total to cover 350m long for 
Group Seam. All the gas pressure test holes are normal and steady which are showing about 2.2MPa, and 
they are protected until the end of protection stratum mining. One week after the end, there are 5 holes 
whose pressure values descend to about 0.25MPa, which is in the middle of Group Seam. And the rest 3 
holes have not descended to under 1.0Mpa, so we can assess that about 200m area right above the Caving 
Zone of protection stratum is under protection or we can say in the Protected Zone[10][11], which just 
almost meets the result of simulation experiment on pressure relief angle, it is 44°and 50°, which is 
showed clearly just in the following Fig. 15. 
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Fig. 15 Protected Zone of site test 
4. Conclusions 
In this paper, similar simulation experiment and site test are used to investigate the real-time effects. 
The result of similar simulation experiment and site test shows the stress, fissure development and 
displacement variation of overlying rock and protected seam in the whole process of mining protection 
stratum. The following conclusions are reached:  
(1) There are obvious three zones above the Caving Zone, and Group Seam is just in the Curve 
Subsidence Zone. Stress of coal rock mass is dynamically changing in the whole process of protection 
stratum mining, and it is important to pay attention to the transmission of Stress Concentration Zone and 
Falling Interval. The result of simulation experiment shows that Stress Concentration Zone is being in the 
front area of mining face from 5.0m to 8.1m, Falling Interval is about from 50m to 80m and Fissure 
Compaction Zone is the upper area of 42m behind mining face. The max shape variation value of 
protected coal seam is about 6.07‰ in the similar simulation experiment, which shows that the pressure of 
protected coal seam has been relieved completely. 
(2) The results of both Site Test and Similar Simulation experiment all have showed about 50°as the 
Pressure Relief Angle, and the gas pressure has descended under the safety standard value, which shows 
the Protected Zone of protected coal seam has eliminated the risk of gas outburst. 
 
Nomenclature 
 
CL Size Similar Coefficient 
Cr  Volume Weight Similar Coefficient 
Cσ  Stress Similar Coefficient 
CF                Power Similar Coefficient 
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